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Indian

Standard

CODE OF PRACTICE FOR PROTECTION OF SLOPE FOR RESERVOIR EMBANKMENT

( First RetCon
0. FOREWORD

)

0.1 This Indian Standard (First Revision) was adopted by the Indian Standards Institution on 20 November 1985, after the draft finalized by the Dams ( Overflow and Non-overflow ) Sectional Committee had been approved by the Civil Engineering Division Council. 0.2 Embankment slopes need to be protected against wave action, rain wash, wind action, velocity of flow or over-topping of embankments by reservoir water. Protection against erosion due to over-topping is provided by ensuring sufficient free board and spillway capacity and also by providing erosion resistant surface at top, turfing to the downstream slope, etc. Protection against erosion due to wave action, rain wash, wind action or velocity of flow can be provided in many ways such as cement concrete surface, flexible brick pitching, and riprap on the upstream slope and pitching or turfing on the downstream slope. Riprap is not common in use in India and as such that only is covered in this code. 0.3 This standard was first published in 1976. Since than more dams have been built and more experience has been gained and to reflect these the present revision has been taken up. Important changes made in the standard include: a) Extent of riprap has been defined with respect to minimum drawdown level ( MDDL ) instead of low water level ( LWL ). b) Filter has been recommended to be provided in two layers.

c) Criteria for fixing minimum weight of stones with respect to significant wave height has been replaced by relating quarried thickness of riprap to wave height.
3

IS : 8237 - 1985 1. SCOPE 1.1 This code covers design of protection of slope for reservoir embankments by riprap. Reference has been made to turfing and drainage arrangements for the downstream slope. 1.2 This code does not cover protection against damage due to velocity of flow for which additional pitching ( or other measures) may be required. 2. TERMLNOLOGY 2.0 For the purpose of this code, the following definitions shall apply. 2.1 Minimum Draw Down Level ( MDDL ) -It is the level below which the reservoir will not be drawn down so as to maintain a minimum head required in power projects. 2.2 Riprap -It is the protection to the embankment material against erosion due to wave action, velocity of flow, rain wash, wind action, etc, provided by placing a protection layer of rock fragments or manufactured Riprap may be placed on slope either by hand or it may be material. simply dumped. 2.2.1 Hand Placed Rijwap -It consists of natural stones quarried laid or laid with projections boulders or specially manufactured material cement concrete blocks and soil-cement blocks, carefully placed by hand in a more or less definite pattern with a minimum amount of voids its top surface reasonably uniform and free of loose stones or alternately panelwise concrete slabs or precast concrete interlocking type blocks.
flat like

2.2.2 Dumped Riprap - It consists of boulders or blasted rock reasonably free from quarry fines and dumped in place by mechanical means. 2.3 Wave Action - It consists essentially of the dynamic impact effect of the waves as they impinge on the slope and suction forces set up on the embankment face as the waves ride up and down. 2.4 Wave Height - The height of wave is reckoned as measured from the trough to the crest of the wave. For determination of wave-height, refer to IS : 10635-1983*. 2.5 Wave Run-up - It is the difference (vertical height) between maximum elevation attained by wave run-up on a slope and the water elevation on the slope excluding wave action. 2.6 Turfing - It is a cover of grass grown over an area to prevent erosion of soil particles by rain wash.
*Guidelines-for freeboard requirement in embankment dams.
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3. GENERAL 3.1 Considerations for Adoption

3.1.1 The choice of type of riprap is governed mainly from the consideration of availability of suitable materials within reasonable distance and cost of placement.

3.1.2 Overall economics for riprap requires consideration of the fact that the wave run-up height on a slope with hand placed riprap for the same wave -height and embankment slope, is about 1.2 to l-5 times more than that for dumped riprap due to smoother surface in case of the former and also systematic placement and better workmanship in general. 3.2 Extent of Riprap - Riprap should be provided from an elevation 1.5 m or half of maximum wave height at MDDL whichever is more below minimum drawdown level ( MDDL) to the top of the dam. At sites where there is possibility of flow parallel to the embankment below the lowest water level and exigencies of drawing below MDDL, riprap may be extended further below the MDDL as required. 3.2.1 Riprap should preferably be terminated provided in the embankment ( see Fig. 1 ). at the lower end in a berm

FIG. 1 PITCHING WITH BERM BELOW MDDL

3.2.2 Where a berm is not provided, the riprap should be terminated duly keyed to a toe support ( see Fig. 2 ). Similar toe support arrangement for .riprap extending to ground level is shown in Fig. 3. The arrangement for riprap terminating at rock surface is shown in Fig. 4. 3.3 Site Preparation - Allowance shall be made in the constructed embankment to enable dressing of the outer slope to get compacted surface for laying filter layer(s) and then placing of the riprap over a compacted surface.
5

FIG. 2

PITCHING WITH NO BERM BELOW MDDL

FIG. 3

PITCHING TERMINATING AT ROCK SURFACE

FIG. 4 4. REQUIREMENTS long exposure

PITCHING AT STRIPPED GROUND LEVEL

FOR ROCK

USED AS RIPRAP
and shall not crumble on

4.1 Stone for riprap shall be hard and durable
to water, frost and air.
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IS : 8237 - 1985 5. FILTER 5.1 Provision of two layers of filter ( coarse and fine ) are usually necessary under riprap to prevent the waves from eroding and washing out the underlying embankment material. Also since the riprap is generally poorly graded due to predominance of one size material, the provision of adequate filter is essential. 5.1.1 The thickness and number of layers of filter are mainly governed by considerations of intensity of wave action gradation of riprap, gradation of embankment material and ease of construction. 5.1.2 Thickness of each of the two layers shall not be less than 150 mm under hand placed riprap and 200 mm under dumped riprap. 5.1.3 Gradation requirement for the coarse filter material with respect to riprap material should conform to the criteria that D,, size of the coarse filter material shall not be less than l/10 of D,, size of the riprap material. The gradation requirements for the fine filter with respect to embankment material should conform to the criteria that D,, size of the fine filter material shall not exceed 5 times the D,, size of the retained embankment material. The two layers of filter shall also satisfy these criteria with respect to each other. Where the embankment material satisfy this criteria with respect to coarse filter, fine filter could be omitted. 5.2 Filter material for the riprap shall consist of gravel/metal/crushed rocks or sand of medium to coarse sizes. They shall satisfy the required gradation criteria. Filters with large percentage of fines are not desirable. 6. HAND PLACED RIPRAP 6.1 Procedure for Placing Riprap- The hand placed riprap shall consist of one man stones laid on edge. Starting at the bottom of the slope the stones shall be laid compactly with staggered joints and so matched and inter-locked that they shall be keyed together with a minimum of joint space. Rock fragments and spalls shall be driven into interstices to wedge the riprap in place. The wedging shall be done with the largest chip practicable, each chip being well driven home with a hammer so that no chip can be removed by hand. Very irregular projections shall be knocked off so that the riprap presents a reasonably uniform surface free of loose stones. 6.2 Hand placed riprap should preferably be laid in one coarse such that the layer thickness is same as the stone size. However, at least 80 percent of the area of riprap should have stones weighing more than 45 kg. Such stone should be spread uniformly in the area. Where such stones are not sufficient to cover the entire thickness of riprap, the same may be laid in two layers. 7

IS : 8237- 1985 6.2.1 If two layers of stones are used, header stones extending through both layers and spaced at about 1.5 m as shown in Fig. 5 shall be used. Also, of the two layers, the top layer shall be of larger stones. The size of the smallest side of the header -stone shall not be less than 150 mm and its length shall be equal to the thickness of the riprap plus 150 mm so that the header stone would project above the general top surface of the riprap by about 150 mm. Such a projection will break the wave force and would also facilitate easy identification of the header stones. If header stones of full length are not available from the quarry, concrete blocks of the necessary size, length and shape may be manufactured for the purpose.

FIG.

5

ARRANGEMENT OF HEADER STONESIN HAND PLACED RIPRAP

6.2.2 In case stone of requisite size are not available and smaller stones/ boulders locally available are required to be used, the riprap should be laid in panels formed by constructing profile walls. A portion of the area between the panels may be grouted by pouring fluid cement mortar worked into the riprap. 6.2.3 Hand placed ripraps ( needles ). 6.3 Thickness of Riprap 6.3.1 The minimum thickness of hand placed riprap measured normal to embankment slope shall be as shown in Table 1. It shall in no case be less than 300 mm. 6.3.2 The maximum wave height may be calculated in accordance with the procedure prescribed in IS : 10635-1983". To effect saving in the cost of riprap, the wave height in convenient reaches and different suitable elevations may be calculated and thickness of riprap fixed accordingly.
*Guidelines for freeboard requirement in embankment dams.

may be laid flat or laid with projections
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TABLE

1

MINIMUM

THICKNESS

OF HAND

PLACED

RIPRAP

( Clause 6.3.1 )
MAXIMUM WAVE HEIGHT MINIMUM RIPRAP THICKNESS MINIMUM THICKNESS OF FILTER LAYER

m

mm

-YY--, rFiner 150 150 150

Coarser 150 150 150

0 to I.5 1.5 to 3.0 Over 3.0

300 450 600

7. DUMPED 7.1 Procedure

RIPRAP

for Placing Riprap - Dumped riprap shall consist of boulders or blasted rock fragments. It shall be dumped in place mechanically on a properly graded filter layer. It shall either be dumped over the upstream face from the embankment level as the embankment is being raised up or after the embankment had been completed. When placed during construction, the riprap layer should be kept a few metres lower than the construction surface when placed after the embankment is completed, the rock should be taken to the crest of the dam in trucks and than lowered down the slope by suitable mechanical device. The rock shall not be allowed to drop down the slope in a chute or be pushed down the slope, since these operations result in excessive segregation. After dumping, the rock should be worked manually with bars or other equipment to achieve a well packed and tidy surface.

7.2 Thickness

of Riprap

7.2.1 The minimum thickness of dumped rock riprap and average rock size shall be shown in Table 2. The thickness of riprap shall in no case be less than 450 mm.
TABLE 2 MINIMUM THICKNESS OF DUMPED RIPRAP

MAXIMUM WAVE HEIGHT

MINIMUM AVERAGE ROCK SIZE (D&

MINIMUMRIPRAP THICKNESS

m 0 to 1.5 1.5 to 3.0 Above 3

mm 300 460 700

mm 600 750 1000
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7.2.2 The most important criteria in Table 2 is the minimum average For example, for waves of 2 m in height, the rock size (D, 0 ) of riprap. riprap should be composed of rocks, half of which by weight are equal to or larger than more or less equidimensional rock with average diameter of 400 mm. The rock used for riprap shall be well graded from a maximum rock size roughly equal to 1.5 times the-average size to 50 mm.

7.2.3 The full thickness of dumped riprap shall be dumped in one layer.
8. DOWNSTREAM

SLOPE

PROTECTION

8.1 Prevention from Erosion by Rain Wash - Protection by riprap or pitching to the downstream slope of the earth dam from top to toe against erosion by rain wash in particular, is uneconomical and generally not However, the slope should be protected as provided in 8.1.1 warranted. to 8.1.3. 8.1.1 Turfing shall be provided stream face. and maintained on the entire down-

8.1.2 Where turfing cannot grow on downstream slope of embankment, for proper growth of turfing selected soil layer may be provided or alternatively 300 mm thick hand placed riprap without filter layers may be provided. 8.1.3 A system of open paved drains ( chutes) along the sloping surface terminating in the longitudinal collecting drains at the junction of berm and slope shall be provided at 90 m centre-to-centre to drain the rain water. The spacing may be reduced based on regional climatic conditions and type of slope protection. The drains may be formed of stone pitching or with precast concrete sections ( see Fig. 6 ). The longitudinal drains shall be provided with 150 mm diameter pipes laid at a slope of 1 : 50 for discharging the collected water to the downstream. If cross drains are provided, the lowermost sloping drains shall drain into the cross drains. Otherwise the sloping drains shall be connected to the toe drain. 8.2 Prevention of Erosion by Tail Water 8.2.1 Hand-placed riprap of 300 mm thickness over proper filter layers shall be provided up to 1 m above the maximum tail water level. If due to non-availability o$ adequate size of stones, riprap is required to be provided in two layers, header stones running through the entire thickness of the two layers shall be provided. These header stones need not project above the surface. Where internal drainage arrangements have not been provided in the body of the dam or in cases where rock is readily available from compulsory excavation, rock-toe of 0.2H ( where H is the hydraulic head ) should be considered. The maximum and minimum height of rock toe shall generally be 6 m and 1.5 m. In case the maximum tail water is 10
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expected to rise above the crest of rock-toe 300 mm thick hand-placed riprap with proper filter shall be provided from crest of rock-toe to an elevation 1 m above maximum tail water level.
8.2.2 In the case of standing tail water due to back water of lower reservoir, the slope may be protected either by riprap or by combination of riprap and rock-toe ( see IS : 9429-1980* ), to suit the site condition. The thickness of riprap and its extent on slope shall be governed by wave heights in the lower reservoir considering maximum/normal water level conditions. 9. TOLERANCE 9.1 The tolerance

on the nominal thickness performed profile shall be f IO percent.

of riprap enforced

on the

*Code of

practice for drainage system for earth and rockfill dams. 12
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INTERNATlONAL
Base Units
Quantity

SYSTEM OF UNITS ( SI UNITS)

Unit

Symbol

Length Mass Time Electric current Thermodynamic temperature Luminous intensity Amount of substance Supplementary Units
Quantity

metre kilogram second ampere kelvin candela mole

m kg
S

A K cd mol

Unit

Symbol

Plane angle Solid angle Derived Units
Quantity

radian steradian

rad sr

Unit

Symbol N

Definition

Force Energy Power Flux Flux density Frequency Electric conductance Electromotive force Pressure, stress

newton joule watt weber tesla hertz siemens volt Pascal

J W Wb T HZ S V Pa

1 N = 1 kg. m/s8 1 J =I N.m 1 W=lJ/s 1 Wb=lv.s 1 T= 1 Wb/m2 1 Hz= 1 c/s (s-1) 1 S=lA/V 1 V=lW/A 1 Pa=lN/ml

